Lactating cows, in groups of three, were treated topically with a "pour-on" formulation of fenchlorphos at rates of 7.5-30 mg a.i./kg body weight. Maximum levels of fenchlorphos residues in milk fat averaged 1.8 ppm about 3 days after treatment. All milk fat residues were 0.01 ppm or less at 28 days after treatment.
INTRODUCTION
Fenchlorphos (O,O-dimethyl 0-2,4,5-trichlorophenyl phosphorothioate) is an organophosphate insecticide of low mammalian toxicity (Ben-Dyke et at. 1970) , which has a wide spectrum of activity against livestock pests when used as a dip or spray. The insecticide can also control ectoparasites by systemic action if administered orally to livestock or applied as a localised dermal treatment (Hopkins & Knapp 1963; Oehler et at. 1970) .
few insecticides at present permissible. The paper gives the results of four trials in which lactating cows and dry sheep were treated with a "pour-on" fenchlorphos formulation at various rates.
Fenchlorphos accumulates rapidly in the fat of animals (Plapp & Casida 1958; Millar 1965) , but the rate of release from storage is relatively slow. Consequently, to meet the requirement of a negligible residue in animal fat, withdrawal periods for meat-producing livestock have been longer than for other organophosphate insecticides, ranging from 2-12 weeks after treatment (Anon. 1968) .
The recommendation of a temporary tolerance of 0.04 ppm for fenchlorphos residues in whole milk (FAO/WHO 1969) opened the possibility of using fenchlorphos to control ectoparasites on lactating cows, for which purpose there are very
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Fenchlorphos "pour-on" insecticide
The fenchlorphos formulations used contained as active ingredient (a.i.) either 25% w/v or 8% w /v fenchlorphos as an emusifiable concentrate in a mineral oil. Control animals were treated with similar formulations containing all the ingredients except the insecticide. The volume appropriate for the treatment of each animal was calculated from its body weight.
Trial 1 (October 1970) -Fifteen lactating cows weighing from 330-550 kg, were divided randomly into five groups. Fenchlorphos (25%) was applied to the cows in each group at the rate of either 7.5, 15, 22.5, or 30 mg fenchlorphos/kg body weight. The fifth group of cows acted as controls. Each dose was made up to 100 ml with water, thoroughly emulsified, and poured along the back from the withers to the base of the tail. From each cow a composite milk sample representative of the evening and the following morning's milking was retained for analysis. Sampling was carried out 4 days before treatment and at 1, 3, 7, 14 , and 28 days after treatment.
Approximately 15 ml of blood was withdrawn from the jugular vein into a blood bottle containing 400 i.u. sodium heparin in 0.4 ml of normal saline. An aliquot of the blood sample was assayed for erythrocyte cholinesterase activity within 24 h of sampling and the remainder of each sample was stored at -18°c until analysis for fenchlorphos. Blood was sampled at 8 and 5 days before the cows were exposed to insecticide and at 1,3,7, 14, and 28 days after treatment.
Trial 2 (May 1971) -On 3 dairy farms in Taranaki, 14 in-calf dairy cows, weighing from 350-450 kg, were treated 1-34 days before parturition with fenchlorphos (8%) at the rate of 20-30 mg/kg body weight. The preparation was applied as described in trial 1 except that the estimated volumes were applied undiluted. When practicable a milk sample was taken at 1, 3, 10, and 17 days after calving. These samples were stored deep-frozen at each farm before despatch to the laboratory for analysis.
Trial 3 (September 1971) -Twenty ewe lambs weighing from 22-40 kg were allotted randomly to 3 groups of 4 and 1 group of 8. Half of the sheep in each group were close-shorn along the dorsal midline to expose an area of approximately 60 cm X 5 cm. The remainder of the sheep in each group were shorn near the base of the tail to expose a skin area approximately 5 cm square. Fenchlorphos (8 %) was applied evenly to the shorn area of each sheep at dose rates of 25, 50, and 100 mg/kg body weight. Sheep in one group served as controls.
Blood was sampled from all sheep at 39, 33, and 14 days before treatment and at 3, 8, and 175 15 days after treatment. Omental fat from all sheep was sampled by biopsy (Radeleff 1950) before treatment and at 3, 5, and 8 days after treatment. Two sheep, one from the control group and one from the group on the highest dose rate, were killed 22 days after treatment. Samples of the depot fat, tongue, spleen, brain, liver, heart, and hind-leg muscle were removed and stored at -18°c until analysis.
T,rial 4 (March 1972) -Three ewe hoggets weighing approximately 3 kg were shorn along the dorsal mid-line as in trial 3, and fenchlorphos o (8%) was applied at the rate of 100 mg/kg body weight. The sheep were killed 1, 3, or 7 days after treatment. Tissues were sampled and stored as described in trial 3.
Analytical
Unless otherwise stated all reagents were of "Analar" grade. Hexane was commercial grade redistilled over potassium hydroxide. Commercial grade acetonitrile was redistilled over phosphorus pentoxide. Acid alumina (Woelm, Brockman Grade II-III) was used in column chromatography.
Tissue extraction and clean-up -In trial 1 fat was extracted from milk within 24 h of sampling as described by Solly et al. (1971) . Blood lipids were extracted as described by Hunnego & Harrison (1971) . Depot fat was dehydrated with anhydrous sodium sulphate and extracted with hexane. In all cases the crude hexane extracts were partitioned against acetonitrile, the combined acetonitrile extracts evaporated to incipient dryness in a rotary vacuum evaporator, and the residue taken up in an appropriate volume of hexane for analysis of Tissues other than milk, fat, and blood were extracted using the method of Claborn & Ivey (1965), but using 5-g instead of 20-g tissue samples and proportionally smaller volumes of solvents. Samples from trials 2, 3, and 4 were analysed for fenchlorphos by GLC using a phosphorus (P) detector. With these samples, a hexane-acetonitrile partitioning provided sufficient clean-up for analysis. Samples from trial 1 and all tissues other than milk, fat, and blood were analysed using electron capture (EC) detection. With these samples, an additional clean-up step was needed to remove background interference. This was accomplished by column chromatography, using alumina-hexane, and subsequent evaporation of the hexane eluate to a suitable volume.
The GLC systems used for fenchlorphos analvsis are shown in Table 1 . In all cases the carrier gas was oxygen-free nitrogen used at flow rates of 35-60 ml/min. Glass columns, 1.5 m in length and 2 mm i.d. (Aerograph models) and 4 mm i.d. (Pye) , were used.
Erythrocyte cholinesterase activity was determined by the method of Michel (1949) . With sheep blood, the volume of washed erythrocytes was increased from 0.4 ml to 1.6 ml to obtain pH changes sufficient for accurate measurement.
RESUI~TS AND DISCUSSION
Pretreatment samples of blood and milk were free from fenchlorphos.
Recoveries of fenchlorphos from tissues are shown in Table 2 . The limit of detection of fenchlorphos in blood was 0.003 ppm and 0.01 ppm for all other tissues.
Erythrocyte cholinesterase activity did not change significantly in any of the test animals.
In trial 1 cows showed signs of slight skin irritation within 2 h of fenchlorphos application, but this effect had disappeared after 24 hand milk yields were not affected by the treatment. One cow in the group treated at the lowest dose rate died 3 days after treatment, but the cause of death was unrelated to the treatment with insecticide. Fenchlorphos residues in milk fat are shown in Table 3 , and residues in blood are given in Table 4 . All blood samples taken 7 days after treatment contained less than 0.003 ppm fenchlorphos and consequently samples taken after 7 days were not analysed.
Fenchlorphos residues in milk fat from trial 2 are given in Table 5 . Trials 1 and 2 with dairy cows showed that fenchlorphos could be detected in milk fat up to a month after treatment. At all levels of treatment in trial 1, the concentration of fenchlorphos in milk fat reached a maximum about 3 days after treatment and thereafter gradually decreased (Table 3 ). There was little difference between peak residue levels for the different dose rates, so treatment groups have been combined in the tables. At 28 days after treatment only the animals on the two higher dose rates were excreting fenchlorphos in their milk. In trial 2, the maximum residue figure was 2.10 ppm fenchlorphos in milk fat of one animal sampled 1 day after calving (5 days after treatment) .
Results from these trials are in reasonable agreement with earlier work (Anon. 1959), in which a mean value of 0.17 ppm fenchlorphos in whole milk was found 3 days after spraying 2 cows with 75 or 100 mg fenchlorphos/kg body weight. Maximum values of 0.31 ppm and 0.57 ppm in milk occurred 2 days after treatment. Reports of other experiments where fenchlorphos was applied to lactating cows by less precise methods, e.g., backrubber and smear treatments (lvey et ai. 1967; Knowles & Arthur 1966; Oehler et ai. 1970) , resulted in lower residues in milk than observed in trials 1 and 2.
Hopkins & Knapp (1963) reported the presence of both fenchlorphos and its oxygen analogue in the blood of treated cows. However, no oxygen analogue could be detected in milk sampled from fenchlorphos-treated cows on each of 12 days after treatment (Anon. 1959) . The oxygen analogue would not have been detected by the analytical methods used in trials 1 and 2.
Residues in omental fat and blood of sheep in trial 3 are shown in Tables 6 and 7 respectively. Residues in the tissues of sheep killed at various times after treatment with fenchlorphos (trials 3 and 4) are presented in Table 8 .
In trial 3 residues were not related to the dose, and again treatment groups have been combined. The "length" application (Table 6) gave residues approximately twice as high as those resulting from the "spot" treatment. Fenchlorphos levels in the blood also tended to be higher with "length" treatments (Table 6 ). If the "spot" treatment were found to be as effective as the "length" treatment in controlling parasites, it would be advantageous to apply the formulation to as small an area of skin as practicable.
The distribution of fenchlorphos in the tissues of treated sheep in trial 4 was similar to that found by Millar (1965) . Apart from the expected persistence of the compound in fatty tissues, fenchlorphos was also persistent (but at lower levels than in fat) in heart, brain, tongue, and muscle. However it was not stored significantly in liver (Table 8) .
No symptoms of organophosphate poisoning were observed and erythrocyte cholinesterase activity was unaffected by dermal treatments.
Fenchlorphos appears to have an adequate safety margin if it is used under the conditions of these trials, and its use is unlikely to lead to t0xic effects. These results are in agreement with the work of Radeleff et ai. (1963) on both sheep and cattle.
However, these trials indicate that in order to comply in practice with a nil tolerance of fenchlorphos in milk fat this insecticide could not be used on (a) lactating dairy cows without rejecting their milk for one month after treatment, or (b) in-calf cows within one month of calving. 
